Abstract

17
Dissolved organic matter (DOM) can play a key role in many environmental 18 processes, including carbon cycling, nutrient transport and the fates of contaminants 19 and of agrochemicals. Hydrophobic acids (Ho) , the major components of the DOM, 20
were recovered from the drainage waters from a well drained (WDS) and a poorly 21 drained (PDS) Irish grassland soils in lysimeters and amended with N fertiliser (F) 22 and with bovine urine (U) and were studied using 1D and 2D solution state Nuclear 23
Magnetic Resonance (NMR) spectroscopy. The Diffusion Edited (DE) 1 H NMR 24 spectra indicated that the Ho consisted largely of larger molecules, or of molecules 25 that formed rigid aggregates, and the 1D and the 2D (Heteronuclear Multiple  26 Quantum Coherence -HMQC, the Total Correlation Spectroscopy -TOCSY, and the 27 Nuclear Overhauser Effect -NOESY) spectra indicated that the samples were 28 composed of lignin residues, carbohydrates, protein/peptides, and aliphatic 29 components derived from plant waxes/cuticular materials and from microbial lipids. 30
The F amendments increased the concentrations of Ho in the waters by 1.5 and 2.5 31 times those in the controls in the cases of WDS and PDS, respectively. The lignin-32 derived components were increased by 50% and by 300% in the cases of the Ho from 33 the WDS and PDS, respectively. Applications of F + U decreased the losses of Ho, 34
(compared to the F amendments alone) and very significantly decreased those of the 35 lignin derived materials, indicating that enhanced microbial activity from U gave rise 36 to enhanced metabolism of the Ho components, and especially of lignin. In contrast 37 the less biodegradable aliphatic components containing cuticular materials increased 38 as the result of applications of F + U. This study helps our understanding of how 39 management practices influence the movement of C between terrestrial and aquatic 40 environments. 41
Introduction
47
Dissolved organic matter (DOM) is a complex, heterogeneous mixture found in all 48 natural waters, and it represents the largest fraction of mobile carbon (C) on earth. It 49 provides an intimate link between the terrestrial and aquatic environments (Lam et al., 50 2007) . Soil derived DOM can play a key role in many environmental processes, 51 including carbon cycling, nutrient transport and the fates of contaminants and of 52 agrochemicals (Qualls and Haines, 1991; Royer et al., 2007; Zsolnay, 2003) . Despite 53 its obvious importance, the structural components of soil DOM and the variations of 54 these components with different land management practices, have not been well 55 resolved (Royer et al., 2007) . 56
Temperate grassland ecosystems, which comprise 32% of the earth's natural 57 vegetation (Frank and Dugas, 2001 ), can be considered to have a significant role in 58 the uptake of atmospheric CO 2 and in balancing the global C budget (Batjes, 1998) . 59
Grassland, the dominant ecosystem in Ireland, represents 90% of agricultural land and 60 56% of the total land area (Jaksic et al., 2006) . Article 3.4 of the Kyoto protocol 61
(UNFCCC, 1998) makes provision for the use of soil C stock changes in grazing 62 lands to offset greenhouse gas (GHG) emissions and to facilitate the achievement of 63 emissions reduction targets (Byrne et al., 2007) . On that basis, there is a need to better 64 understand the organic components leached from these carbon stocks under different 65 management practices. 66 Soils in long-term pasture are in a steady-state with regard to soil organic matter 67 (SOM) content. Carbon accumulation in grassland ecosystems occurs mostly below 68 ground and changes in soil organic C (SOC) stocks may result from changes in land 69 uses management (Soussana et al., 2004) . Grassland C stocks represent at least 10% 70 of the global total, and some sources suggest up to 30% of that total (Scurlock and 71 Hall, 1998). The stocks of SOM result from the balance between inputs and outputs of 72 C. Inputs are primarily from leaf and root detritus. Outputs are dominated by the 73 efflux of carbon dioxide (CO 2 ) and of methane (CH 4 ) from the soil surface and by the 74 hydrologic leaching of dissolved and particulate C (Davidson and Janssens, 2006) . 75
The pool of SOM is of particular interest because even small changes in flux rates into 76 or out of such a large pool could lead to the accumulation of significant quantities of 77 greenhouse gases (Billings and Ziegler, 2008) . 78
Although land use and related management practices are known to affect the 79 amounts and compositions of SOM and soil properties, their influences on the 80 amounts and compositions of DOM have not been extensively studied (Chantigny, 81 2003) . Various aspects of the effects of elevated nitrogen (N) deposition and of N 82 fertilization have been studied, yet little is known about their effects on DOM 83 turnover (Kalbitz et al., 2000) . The same is true for organic amendments such as 84 urine. The OM in amendments is biodegradable and is generally readily transformed 85 by soil microbes. That may result in transient increases in the soil DOM (Chantigny, 86 2003) . Amendment with slurry has been found to increase nitrogen (N) 87 immobilisation through increased microbial activity (Hoekstra, 2009 In this study we characterise, in detail, the Ho from the DOM formed from two 96 soils, one well drained (WDS) and the second poorly drained (PDS), each amended 97 with fertiliser, and with fertiliser and urine. The emphasis is on the characterisation of 98 the components of the Ho released in the drainage water from these soils using 99 advanced Multidimensional nuclear magnetic resonance spectroscopy (NMR) 100 techniques that are widely used to study structures and interactions in environmental 101 chemistry (Simpson and Brown, 2005; Thrippleton and Keeler, 2003 as undisturbed monoliths and installed according to an established protocol (Cameron 112 et al., 1992) . Briefly this involved isolating a 1 by 1m soil column and then carefully, 113 reciprocally, pushing a 0.8 m HDPE pipe through the soil column. When the pipe 114 reached 1 m a cutting plate was hydraulically pushed beneath the lysimeter to cut it 115 from the soil beneath. To prevent edge flow liquid petrolatum was injected between 116 the soil and the HDPE pipe. The lysimeters were inverted and 5 cm of fine gravel 117 inserted at the base of the soil and a base plate with drainage outlet was welded to the 118 pipe. The completed lysimeters were installed in a field lysimeter facility under 119 natural rainfall and meteorological conditions. Each soil was sown with perennial 120 ryegrass (Lolium perennae L.). In order to replicate typical Irish grazed grassland 121 activities, some of the lysimeter soils were amended with fertiliser and some with 122 both fertiliser and bovine urine, and unamended soils served as controls as described 123 in Stark et al. (2007 contributions from microbial lipids . In this DE spectrum, the 220 CH 3 signal at ~ 0.8 ppm is likely to be mainly from methylated amino acid side chain 221 residues . This is further dealt with in discussion of Figure 1C . whereas the DOC release rate was found to have decreased by 20% following N 293 fertilization of a forest soil (Cronan et al., 1992) . N addition as urea resulted in the 294 increased release of water-soluble OC from a forest soil (Homann and Grigal, 1992) . 295
Exports of hydrophobic acids in the drainage water from the well-drained and of 296 poorly-drained soils under different treatment applications are shown in Table 3 There are similarities in the Ho exported from the control soils. The various 386 treatment regimes, however, had greater effects on the PDS. As mentioned, the 387 application of fertiliser caused a greater increase in the exports of Ho from the PDS 388 (Table 3) 
